8 Treating soil with cement and zeolite is widely used in soil stabilization. This research intends to 9 quantify the impact of cement and zeolite contents, porosity index, voids/cement ratio on zeolite 10 cemented sands by the splitting tensile strength (σ t ) assessment. A program of splitting tensile 11 tests using specimens by different zeolite replacement percentages is performed. Results indicate 12 that cement replaces by zeolite at optimum proportion of 30%, then the value of improved σ t of 13 the cement sand specimens due to zeolite and cement chemical properties are exploited. Zeolite 14 can effect more on a compacted mixture if its cement content and porosity increase. In this paper, 15 it is shown that for the zeolite cemented sands, σ t increases by cement content (C) raise and 16 porosity (n) reduction and a power function is well-adapted to fit both σ t -C and σ t -n. Afterwards, 
Introduction

34
Soil stabilization using cement has been adopted as a ground improvement approach in 35 geotechnical engineering for several years. Using cemented soils is the most common procedure 36 amongst others which performance is a significant contribution to modify shear strength 37 parameters of soil. There are some major advantages for cemented soils that prominent cases conclusion that the clinoptilolite blend decreases the specific gravity of cements [11] .
56
Addition of zeolite to cement-sand mixtures can cause an increase in strain at failure, as well as 57 reducing brittle behaviour; that is, mixtures containing zeolite reveals increasing strain at failure 58 in compare with cemented ones. Additionally, by decreasing strain at failure brittle behaviour of 59 the sample increases. Therefore by using zeolite instead of cement, the brittle behaviour of the 60 mixture reduces [12] . MolaAbasi 
109
According to the Unified Soil Classification System, the soil is classified as poorly graded sand
110
(SP) [24] . The grain size distribution of the sand is shown in Figure 1 . A Scanning Electron
Microscope (SEM) picture of Babolsar sand with sub-rounded particles is also shown in Figure   112 2(a). .
116
Where G s is specific gravity of the cement grains, S s is specific surface and also S i is initial setting 117 time. Chemical properties of cement are presented in Table 2 .
[25] 
145
 G s of the mixture of sand, cement, zeolite was determined using weighted average.
146
 The unit weight of considered mixture was calculated by equation2.
Before testing, sample preparation inside a lubricated cylindrical mold has been done. In Figure   149 3, a typical specimen with 36mm diameter and 76mm high, is shown. During preparation, First
150
dry materials like what is depicted in Figure 4 were mixed and water added, then were stored in a 151 container and a plastic bag to avoid moisture losses before testing. well as shear strain and reduces brittle behaviour [15] . Therefore the use of zeolite sounds 185 essential and can be included as one of the environmentally sound practices. 
219 the value of a1 by zeolite variation are presented in Figure 12 .
220
In this figure it can be clearly seen that when zeolite rate grows up to 30%, a 1 experiences its 221 maximum value (≈3080) and afterwards it drops dramatically which was predictable based on
222
Figure3. In addition a 1 changes are polynomial, hence, the power of correlation can be 223 considered -1.51 and variation of corrected splitting tensile strength σ t /a 1 with voids/cement ratio 224 could be achieved by Figure 13 with the correlation coefficient higher than 0.98%.
225
Finally, based on a number of input variables as porosity (n), replacement of cement by zeolite 
Conclusions
234
A topic that has received a considerable amount of attention is identifying the behavior of soil in are close to CaO which proves that it can be the optimum value for the applicable 247 pozzolanic reaction contributing to the target strength.
248
-Tensile strength of soil-cement mixtures by 30% zeolite replacement reaches to its 249 maximum value. In the other words, the optimum value of zeolite replacement for any 250 types of cement contents is 30% at which σ t enhances from 22% to 78%. induces less pollution, it is recommended to be used as strengthening agent.
254
-The rate of strength gain increase by lower density as well as higher cement content. It
255
shows that adding zeolite is more efficient in less compacted mixtures as well as higher 256 cemented ones.
257
-Reducing the rate of compacted mixture porosity, the strength of cemented soils and 258 zeolite-cement mixtures improves substantially and moderately, respectively. .
260
On the whole, based on significant advantages that mentioned in this research, it is strongly 261 recommended to use zeolite as one of the additives in order to strengthen problematic soils.
262
Moreover, the results presented in this paper suggest that by using the voids/ cement ratio
263
(n/c) for a given zeolite content (0 to 90% zeolite replacement) an engineer can opt the 264 amount of zeolite, cement and the compaction energy in appropriation with providing a 265 mixture that meets the strength required by the project at the optimum cost. The voids/ 266 cement ratio can also be useful in the field control of zeolite-soil-cement layers. Table 1 . Previous studies in the field of cemented sands 347 voids/cement ratio is demonstrated to be an appropriate parameter to assess both q t and q u of the sand-cement mixture studied. Finally, the q t / q u relationship is unique for the sandcement studied, being independent of the voids/cement ratio.
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